This study was conducted in the lower, middle and upper reaches of the Rokel/Seli River, Northern Sierra Leone. There is a research gap on the growth or wellbeing of tilapia fish species in Sierra Leone. The objective of this study is to determine the length-weight relationship and condition factor of Coelotilapia joka from the main river channel. This research could contribute to promoting an agenda for fish culture practices for the fish. A total of 228 specimens of Coelotilapia joka were collected using gill nets. Fish length and weight measurements were done using fish measuring board and digital weighing balance respectively. Measurement for water quality was made using the Jemway multi-parameter water quality measuring device (Model: J970, Barloworld Scientific, United Kingdom). The values for regression coefficient "b" gave 2.5437, 2.1841 and 2.4585 for males, females and combined sex respectively, implying a negative allometric growth in the fish at (b<3.0). Similarly, a strong positive linear correlation "r" exists for male (0.947) and female (0.827) species of C. joka. Mean condition coefficient (K) was 2.113 ± 0.309 for males and 1.969± 0.359 for females. The lowest condition factor for male,1.995 and female,1.743 were recorded in March and April respectively, and the highest, 2.552 and 2.067 recorded in August. These values, however, suggest that the fish was in good condition (K>1). The difference in 'K" for both sex is significant (p<0.05). A study for a period of one year could, however, provide a complete analysis of seasonal variations in growth and condition of the fish.
Introduction
The Rokel/Seli River is the third largest of nine (9) major river systems in Sierra Leone, with a total length of 380km and a drainage area 10,620km 2 [1] . Numerous anthropogenic activities including intensive subsistence and commercial fishing activities are taking place in and around the river by local residents.
Fish is an extremely important source of protein in the diets of many people [2] , and the tilapia fishes are amongst the important groups of fresh water fish species particularly in rural areas of Sierra Leone. In addition, fish plays an important role in the development of a nation [3, 4] . Studies have shown that the aquatic ecosystem which is home for fish is often contaminated by anthropogenic activities including sewerage [5] , pesticides [6, 7] and effluents from oil palm processing [8, 9] . Environmental degradation has its impact on the organism found in such environment [10] . It could reduce growth rates and causes a decrease in the average age of the fish [11] . Such anthropogenic influence on the aquatic environment emphasizes the importance of a study on the status of fish in a given ecosystem. Knowledge of length-weight and condition factor (K) is vital in the study of fish biology [12] . Length-weight relationship of a fish is an essential tool for fishery management and conservation [3, 13, 14, 15] . This is because a change in length and weight tell about the age of the fish [10] . The data can also be used in estimating the mortality rate and assess the sustainability of the fishery stock [11] . Length-weight relationships can be used to predict weight from length measurements made in the yield assessment [16] . Isometric growth, negative or positive allometric growth is used to describe body shape in fish [17] .
The condition factor (K) provides vital insight of the physiological state of the fish in relation to its habitat [3, 18] . It shows the level of well-being of a fish and is a useful index for monitoring of feeding intensity, age, and growth rates in fish [19] . Condition factor also contributes to efficient management of a fishery as it provides vital information on the life cycle of fish species [20] . In addition, condition factor is reflective of the interactions between biotic and abiotic factors in the physiological condition of fishes [13] . Higher value in condition factor indicates that the fish has attained a favorable condition [12] . In tilapia, the size composition can be greatly affected by the physical and biological composition of their environment [21] . Moreover, the tilapia fishes are amongst the commonly exploited [22] and edible groups of fresh water fish species in Sierra Leone. This group of fish could contribute to local economy through fish farming practices if well managed in Sierra Leone. Unfortunately, there is a research gap in the study of the growth and conditions of tilapia species in the Sierra Leone waters. Of all species in this group which occur in Sierra Leone, a study on the allometric growth has been conducted for only Coptodon louka [1] . Most studies have been on the ecology, distribution and diversity of freshwater fish species in Sierra Leone [22] . The objective of the current study is to investigate the growth and wellbeing of Coelotilapia joka in the Rokel/Seli River. This research could contribute to promoting an agenda for fish culture practices for the fish, which in turn could help reduce the current fishing pressures on marine capture fisheries in Sierra Leone as a management measure.
Theory
Good knowledge about the ichthyofaunal characteristics of a river basin is a first step to evaluating the quality and disturbance of aquatic habitats [23, 24] . Knowledge of length-weight and condition factor (K) is vital in the study of fish biology [12] . Length-weight relationship of a fish is an essential tool for fishery management and conservation [3, [13] [14] [15] . This is because a change in length and weight tells about the age of the fish [10] , and the data can be used to estimate the mortality rate, and assess the yield of fish stock [11] . Length-weight relationship of fishes can be used in estimating average weight of the fish of a given length group by establishing a mathematical relation between the two [25, 26] . In fisheries science, the condition factor is required to determine any possible differences between unit stocks of the same species in terms of growth or wellbeing [27] , based on the hypothesis that heavier fish of a particular length are in a better physiological condition [28, 29] . [18] had suggested that there may be differences in the condition factor due to environmental conditions such as pollution. In addition, the aquatic ecosystem is constantly been influenced by anthropogenic activities through the introduction of sewage [5] , pesticides [6, 7] and agricultural runoffs [8, 9] . These activities have their impacts on the organisms found in such environment [10] . Impacts may include reduced growth rates and a decrease in the average age of the fish [11] . Very little studies have been conducted on the growth and conditions of tilapia species in Sierra Leone. Several studies had focused on the ecology, distribution and diversity of fish species [22, 30] . It is on these bases that this study is undertaken.
Materials and Methods

Site locations
The study was conducted in the lower reach, middle reach and upper reach of the Rokel/Seli River. The river is called Seli or Rokel in its upper and lower reaches respectively, and has been identified as one of a series of narrow, more or less parallel river basins draining the Guinea highlands into the Atlantic, none of which, in African terms, are long [22] . The Seli rises in the North-Northeast of the country, near the border with Guinea, and flows South-West across the Interior Plateau for around 100km South-East of Fadugu, where the river transects the Sula Mountains and flows out of the plateau across Bumbuna Falls, and then drops around 40m into the Interior Lowlands [22] . The river is then known as the Rokel, and meanders 350km across the
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gently sloping interior lowlands, down to the sea, east of Freetown [1, 22] . One particular feature of the river is the Bumbuna falls, a cascade of around 30m high, just above which is the site for the Bumbuna Hydroelectric Project [22] . The Bumbuna dam site is located on the upper reaches of the Rokel/Seli River in the valleys of the Sula Mountains about 200km North-East of the capital city, Freetown. The region where the river occurs has been termed by various authors as 'Atlantico-Guinean' [31, 32] , Guinean [33] or Upper Guinean [34, 35] . The climate in the North is in conformity with climatic conditions of Sierra Leone, a tropical climate with distinct dry season (November to April) and wet season (May to October) [36] . In Bumbuna, the wet season begins in May and ends in October, and is characterised by heavy rainfall (reaching a maximum of around 600mm in August). Rainfall decreases as the dry season progresses until in February there is virtually no rain at all [22] . Fig.1 illustrates the various sampling positions in the Rokel/Seli River, northern Sierra Leone.
Figure 1. Map illustrating study locations
As shown in Fig. 1 , eight sites were selected for this study in three regions of the Rokel/Seli River and include the upper reach (Fadugu and Kafogo), middle reach (Bumbuna Dam Area) and lower parts (Rokel Bridge and Manepeh/Magburaka) of the main river basin. These sites were selected in connection to previous study on fish species assemblage of the Rokel/Seli River [22] . Table 1 gives the GPS coordinates of the study locations in the river. 
Sample size and collection of fish samples
A total of 228 specimens of C. joka were obtained from the Rokel/Seli River in two seasons. Eight months were planned for sampling, January to August, 2012. January-April is in the dry season, and May-August in the wet season. Each study phase in a month was designed to last for a period of 14 days. Fish samples were obtained using 80m long light-weight gill nets with 4cm and 8cm mesh sizes set either across the river or in parallel to the water current under faster flows to avoid being swept away. The gill nets were set in the morning and catches retrieved in the late afternoon. At night, the nets were laid alongside river banks to capture more nocturnal fish [22] . Fresh fish samples were also purchased from local commercial fishers. Specimens were placed in plastic containers for further analysis.
Fish identification
Collected fish samples were placed in plastic containers and taken to a temporary laboratory in the field for identification with the aid of standard keys and referenced texts [37, 38] . The colour of C. joka in life form on ground is dark brown to blackish, yellowish cross bars (up to 8) on it sides and head running from just behind the eye to the caudal peduncle. Head is dark brown, with a lighter or yellowish narrow band between eyes and a horizontal band on snout. Pectoral fins yellowish to transparent; pelvic fins brownish-black, lighter anteriorly, especially in juveniles; Caudal fin, dorsal and anal fins brownish-black.
Sex determination
Sexing of the fish was done by observing the genital papilla on the underside of the fish, to the rear of the anus and before the anal fin. Males have one urogenital opening while females have separate openings for urine and for eggs as described in [39] .
Measurements of total length (TL) and weight
Weight measurement of specimens of Coelotilapia joka collected from sampling was done using digital weighing balance (Model: CS2000; Ohaus corporation, China) to the nearest 0.1g while measurement of total length involved spanning from the snout to the tip of the caudal fin using standard fish measuring board to the nearest 0.1cm as described in [40] . In order to ensure accuracy in weight measurement, fish specimens were placed on filter paper to remove excess water before weighing [41] .
The length-length relationship was analysed by the relation W= aL b [19, 42] ,
where W= Total weight of fish (g), L= Total Length of fish (cm), a = intercept, and describes the rate of change of weight with length, b = slope, the weight at unit length. In addition, the parameters "a" and "b" in the formula were estimated through logarithmic transformation of the total length (TL) and total weight (W) of the fish in the form, Log W = b Log L + Log a, and Loga= intercept on the y-axis [43] . The degree of association between the length and weight (R 2 ) was computed from the linear regression analysis.
Condition factor
Values of the condition factor for male and female species of Coelotilapia joka were obtained through the formula [44] 
where K = condition factor, W = whole body weight of the fish (g), L = the total length of the fish (cm).
The advantage in using this relation is that the value "b" is not constant. "b" is the growth exponent obtained from the length-weight relation and varies by species [45] . This relation is also seen to be very useful in modern day's studies [39, 46, 47] .
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Water sampling For this study, selected water quality parameters including surface water temperature, pH, dissolved oxygen concentration (DO) and conductivity were measured in-situ using the portable Jemway multi-parameter water quality measuring device (Model: J970; Barloworld Scientific, United Kingdom). Water samples were collected from the Lower, Middle and Upper Reaches of the Rokel/Seli River.
Data analysis
A linear transformation of length and weight of C. joka was completed using natural logarithm at the observed lengths and weights. The LWR regression equation was used to calculate the regression coefficient "b" (slope of regression line of weight and length) and the coefficient of determination (R 2 ). The correlation coefficient (r) that is the degree of association between the length and weight was also computed by the relation, r = sqrt (R 2 ). These analyses were performed for the male, female and combined sexes of the fish. Statistical analysis using the Student's t-test for significant difference in male and female condition factors of the fish was completed using the Microsoft Excel (ver., 2010) computer analysis package. A Chi-square test statistic (ANOVA) was used to test for significance in the sex ratio of the fish and of selected water quality parameters among different regions of the Rokel/ Seli River. Similarly, descriptive statistics were employed in calculating the means and standard errors of values of condition factor, regression coefficient and water quality parameters.
Results
Length-Weight Relationship
A total of 228 individuals of C. joka were collected for this study. The values of the regression coefficient "b" obtained from the LWR for 30 male and 198 female species of the fish using the best-fit regression of total weight (TW) on total length (TL) by logarithmic transformation gave 2.5437, 2.1841 and 2.4585 for the males, females and combined sexes respectively. Fig. 2 (a-c) The best-fit regression line showed a strong coefficient of determination (R 2 ) between length and weight for the combined sex of C. joka (0.784). However, the high "R 2 " value for the males (0.896) compared to females (0.684) shows that the regression line for the males is closest to bestfit. The mean length and mean weight, regression coefficient, correlation factor (r), coefficient of determination (R 2 ) and condition factor (K) of C. joka are given in Table 2 . 
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Similarly, a strong linear correlation "r" was obtained in this study for the males (0.947), females (0.827) and combined sex (0.885) of the fish.
Condition factor
The condition factor (K) of C. joka showed the range of 1.619-3.272, 0.734-2.163 and 0.745-2.794 with mean values of 2.113±0.309, 1.969±0.359 and 2.070±0.429 for male, female and combined sex respectively ( Table 2 ). The lowest condition factor for male, 1.995 was recorded in April, and the highest, 2.552 in August. For female, the lowest value, 1.743 was recorded in March and the highest value, 2.067 in August. For combined sex, the lowest value, 0.500 was recorded in January and the highest, 2.184 in August. Fig. 3 (a-c) provide the monthly mean condition factors (K) for male, female and combined sex of C. joka. Fig. 3c further shows standard bars on the chart that indicate how accurately the mean value of condition factor represents the data, and it is shown that both upper and lower bars are small. From a Student's t-test (t), there was a significant difference in condition factor (df. 42; α = 0.05; Probability =0.025; t=2.3, two=tailed) for the male and female species of the fish at (P<0.05). The mean values of condition factor for C. joka are given in Table 2 .
Water quality analyses
The pH of the river ranges from 5.4 to 7.1, with mean values of 6.98±0.96, 6.25±0.52 and 6.24±0.60 for the upper, middle and lower reaches respectively. Similarly, DO concentration ranged from 1.1mg/l-12.9mg/l with mean values of 4.57±3.34, 6.85±2.71 and 7.02±2.68 in the upper, middle and lower reaches of the river. In addition, values for water temperature ranged from 23.5 0 C to 29.5 0 C with mean temperature of 26.73±1.35, 25.58±0.91and 25.85±1.60 for the upper, middle and lower reaches of the river. Conductivity values range from 20.0µScm -1 to 63.0µScm -1 with mean of 38.24±12.52, 43.39±10.64 and 32.18±11.14 for the upper, middle and lower reaches of the Rokel/Seli River respectively. However, a Chi-square (χ 2 ) analysis for this study (ANOVA, df. 2, α = 0.05, one-tailed) showed no significant difference in the water quality parameters for the three regions (Upper, Middle and Lower reaches) of the river. The mean values (with standard errors) for the water quality parameters are given in Table 3 . 
Sex Ratio
The Chi-square (χ 2 ) test conducted for this study shows a significant difference in sex for the fish. As given in Table 4 , the calculated χ 2 value gave 123.8. This is higher than the tabulated value of 3.84 for 1df. at 5% level of significance. Table 5 further provides monthly catch records for male and female fish of C. joka. Female species dominated the catch in all phases of the survey. Catches were high in periods of the wet season (May-August) than in the dry season (January-April). Table 5 . Monthly catch records for male and female species of C. joka Male  2  5  2  7  3  1  6  4  30  Female  22  10  12  24  25  12  52  41  198  Combined sex  24  15  14  31  28  13  58  45  228 34 ILNS Volume 77
Species January February March April May June July August Total
Discussion
The length-weight relationship (LWR) is key to providing useful information on growth patterns in fish [18] . Fish generally passes through different stages of development which can be defined by different LWR. For this study, in spite of the slight increase in length and weight of male over female species of the fish, both sexes of C. joka were in the light group of fishes with value of b<3.0, implying a negative allometric growth in the fish. It also implies that the growth in size of the fish is not proportionate to the increase in weight [48] . This suggests inadequate feeding level and diets composition in the fish with the potential to affect nutritional conditions that favour growth in weight. Restrictions in mobility due to increased water current in the peak of the wet season (July-August) and by large hydro-electric power dam in the upper reach of the river may further limit food preferences of the fish in the area. Fishing pressure as well as changes in environmental quality could have exacerbated the problem. Recorded values for pH and dissolved oxygen (DO) concentrations in the river were above acceptable limit with the potential to affect immunological response in the fish that could consequently retard growth in weight. pH values within optimum (7-10) and higher DO levels (<5) have been seen to favour fish growth [49] [50] [51] [52] [53] . Similar pH range had been shown to support the best weight gain in oreochromis niloticus [54] .
Other studies have shown that environmental degradation has impact on the organisms found in such environment [10] . It could reduce growth rates and cause a decrease in the average age of the fish [11] . However, the "b" values obtained for this study were within recommended range of 2-4 [55] [56] [57] as ideal for fresh water fishes. Comparatively, a negative allometric growth with "b" value of 2.91 had also been reported for Tilapia zillii in fresh water [58] . In addition, the "b" value obtained for combined sex for this study was within the value obtained for another cichlid fish [1] .
In the study of fish, the condition factor (K) is used in comparing its condition, size or wellbeing [59] . Condition factor is also important in the monitoring of feeding intensity, age and growth rates in fish [60] . Related study had shown that the condition factor is strongly influenced by both biotic and abiotic environmental conditions, and can be used to assess the ecological habitat of fish species [61] . This study provides mean condition coefficient (K) of 2.113±0.309 for male and 1.969±0.359 for female species of C. joka. These values are greater than one, indicating that the fish was healthy and in good condition. "K" value greater than one (>1) had been recorded for another tilapia species, Oreochromis niloticus [18] , suggesting that the fish was above average in terms of condition. [62] inferred that value of condition factor higher than one suggests good health in fish. However, other researchers have hypothesized that heavier fish of a particular length are in a better physiological condition than the lighter ones [28, 29] . The values for this study showed differences in condition factor for male and female species of C. joka and significant (P<0.05). Such difference in condition factor with higher values for the males could be attributed to different mode of responses to changes in environmental conditions [11, 21] . Moreover, small error bars obtained in the bar-chart for the monthly mean condition factor for combined sex C. joka implies a low spread of the data around the mean, which further suggests that the data are more reliable. Further, high "K" values were recorded in August, the peak of the wet season. This period could be most favourable for the fish since at these times there is less fishing pressure by commercial fishers and probably low residence time of contaminants in the river, compared to periods of the dry season (January-March). It is possible that such favourable and stress-free environmental condition for the fish is maintained for the rest of the wet periods (September-November). [63] inferred that variation in condition factor of a fish could be associated to differences in fishing and industrial activities in a river. [46] further concurs that condition factors in fish are associated with comfortability of the fish in a system. Variations in condition factor are influenced by many biotic and abiotic factors such as phytoplankton abundance, predation, water temperature and dissolve oxygen concentrations among others which may not favour the growth and survival of all the species in the ecosystem [46] .
The study also provided a significant difference in sex for C. joka with female to male sex ratio, 1:7. [64] had recorded larger number of females for another tilapia species, Sarotherodon galilaeus, with 3 males and 5 females of eight individual specimens of the fish. For this study, it is possible that during sampling, an extremely higher catch was made in a spawning period, probably in July-August, the peak of the wet season. As typical of tilapia species, males build and clean spawning nests in their territory during spawning seasons [65] . It could be that the females which enter and leave the nests probably in schools, are ultimately left much vulnerable to catch or predation during such periods.
Conclusions
The study investigated the length-weight relationship, condition factor and sex ratio of Coelotilapia joka, a type of cichlid fish from the Rokel/Seli River, Sierra Leone. There were 228 individual specimens of C. joka with a male to female sex ratio, 1:7. Both sexes of the fish showed negative allometric growth pattern (b<3.0). Values of pH and DO however showed range not favourable for growth of fish which may have possibly affected the growth in weight of the fish. However, values of the condition factor for this study showed that the fish was healthy and in good condition for consumption. In addition, better conditions in the fish were attained in periods of the wet season (July-August). A study over one year period, however, is eminent to providing a complete analysis of seasonal variations in length-weight relationship and condition factor for C. joka and other tilapia species.
